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@ Method for optically ascertaining parameters of species In a liquid analyte. 

@ An optical waveguide with one or more coatings of 
reactants specific to species to be analyzed In a liquid 
analyte immersed therein. A light signal carried by the 
waveguide undergoes interaction either with the bulk 
analyte whereby a first signal in connection with the bulk 
analyte is obtained and. simultaneously, with a layer of 
complex resulting from the reaction of one of said specific 
reactant with one of said species or with two or more com- 
plex layers corresponding to two or more of said species, 
this generating a second (or more) signal to provide the 
required analytical information on said species. 
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MhtlHUU FOR QETOCamf ASCERTAINING PARAMETERS OF 

SPiCIKS IN A LICPID ANALgTE 

The present invention concerns a method for ascertaining para- 
meters in a liquid analyte, e.g. for determining species dissolved 
therein. 

This method relates to the known techniques in which an optical 
waveguide carrying a totally reflected light signal is contacted with 
an analyte and the evanescent wave conponent of said signal inter- 
acts with the analyte at the solid-liquid interface in a nanner res- 
ponsive to some parameters inherent to the species therein. For ins- 
tance, information on such parameters may concern an absorption of 
part of the luminous energy of the incident signal at the points of 
reflection thereof within the waveguide by the molecules of the spe- 
cies of interest at said interface or to an excitation of some fluo- 
rophores by said luninous energy with the consecutive production of 
a fluorescence signal characteristic of such species. In general, 
the interaction is l i m it ed to the region corresponding to the depth 
of penetration into the analyte of the evanescent wave ccnponent of 
the incident light, this depth ranging from a few angstrfims to some 
hundreths of angstrfims starting from the waveguide surface. 

Although it is generally known that the aforementioned inter- 
action may provide information on some parameters in the bulk solu- 
tion (Hardy, OSP 4,050,895) , recently published work has shown that 
inproved results (i.e. better sensitivity and accuracy) are obtained 
when the effective interaction of the evanescent wave conponent with 
the analyte (or rather, the leaking into the analyte of a substan- 
tial portion of the energy thereof) is limited to involve a single 
layer (generally ncnonolecular) of oonpounds of interest bound to 
the surface of the waveguide. In other words, one has recently found 
that a very usefiil new analytical technique can be based on attach- 
ing to the waveguide, before contacting it with the analyte to be 
investigated, a reactant specific to a species of said analyte and, 
thereafter, immersing it into said analyte; in these conditions, the 
secies of interest will bind to the said reactant and provide at 
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the surface of the waveguide a layer of a catplex whose content of 
the species of interest (i.e. the actual density of said species in 
the area of interaction) will grow very rapidly with time and pro- 
vide increased interaction with the light travelling in the waveguide 

5 ^ stronger response at the output thereof (KRONICK and LITHE,. USP 
3,939,350). 

In such types of analysis involving the formation of a very thin 
layer of product of interest on the waveguide surface, the interac- 
tion of the light signal with the bulk of the solution is considered 

10 a nuisance (background noise) and attenps have been nade to tnin^^ 
it as nuch as possible. For instance, ccnprcmising condition between 
maximal interaction of the evanescent component with the ncncraole- 
cular layer deposited on the waveguide surface and mininal interac- 
tion with the bulk solution can be achieved by controlling the depth 

15 of penetration of said evanescent conponent outside the material of 
the waveguide at the waveguide/analyte interface. Such control can 
be effected by selecting a waveguide with a suitable refractive index 
n l relative to that (r^) of the solution and by chosing adequately 
the angle of total reflection in the guide as well as the wavelength 

20 of the incident light (more detailed explanation on why this can be 



25 



so and how to make such selections will be provided hereafter) . Eta 
instance in co-pending application EP-A-75353, it has been disclosed 
that this depth of penetration can be optimized to natch with the 
thickness of said layer of interest or to be in excess thereof. 

awever, it has now been found that unexpectedly this approach 
is not always the most desirable; indeed, it has been found with 
surprise that, under some conditions, the penetration of the evanesr- 
cent wave cccponent distinctively beyond the distance corresponding 
to the thickness of the layer of interest can be extremely useful 
30 in concurrently providing analytical results xxx parameters of the 
analyte other than that specifically involved in said layer of in- 
terest, e.g. on species in solution in the analyte. Therefore, this 
discovery led to the definition of one aspect of a new analytical 
method outli n ed in claim 1 given in annexe to this specification. 
35 Moreover, this method was also extended to further aspects after 

realizing that useful interactions of the light carried by the wave- 
guide with the analyte may involve more than one specific area of 
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the waveguide (i.e. the area where interaction takes piar-o w ith either 
a single layer coating on this area or with the bulk solution or, 
simultaneously with both bulk and coating), i.e. nay involve two or 
several distinctly different areas of said waveguide. For instance, 
in one area the interaction will take place with the bulk solution 
and in another or more optically separated areas the interaction will 
take place with one or several layers of interest. Annexed rfaim l 
actually sunmarizes the complete scope of this method of the inven- 
tion. 

In the method of the invention, any type of interaction of the 
light contained in the waveguide with the analyte can be considered. 
Thus, this interaction can result from absorption of part of the 
signal, the output response being then a decrease in output energy 
gathered by the collecting and detecting means located at the out- 
15 let of the waveguide. Alternatively, the interaction may result in 
the production of fluorescence if the species of interest (whether 
located in the bulk analyte or in a coating of interest at the wave- 
guide surface) can generate fluorescence under excitation by the inci- 
dent signal. Such is the case for instance in fluorescence type as- 
20 says where one of the partners in a complex under formation on the 
surface of the waveguide comprises a floorophore group which induces 
fluorescence upon formation of said conplex. Otherwise, useful res- 
ponses can also result from the scattering of the incident light by 
molecular aggregates built on the surface of the illuminated wave- 
25 guide. 

In order to practically carry out the method of the invention, 
one can for instance use a waveguide in the form of an optical fiber 
or a glass or pla s Mc slide coated with a reagent specific to one 
first species dissolved in an analyte which additionally contains 
another or more species of interest. In an example to be developed 
in detail hereinafter, this first species can be a specific hemoglo- 
bin conpound in a sample of blood also containing other hemoglobin 
or blood factors. Thus, in this case, the waveguide will carry, at- 
tached thereto, an antibody specific to that first species and, upon 
contacting the lit waveguide with the blood sample and arranging the 
measurement conditions (as specified hereafter) for providing an ef- 
fective and signal generating interaction of the lioht in t-ho waww 
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guide with, simultaneously, the bulk solution and a ncnon p l ea . il ar 
layer of a ccnplex involving the antibody ana that first species that 
foms on the waveguide surface, a signal is provided at the outlet 
of the guide, this signal being representative concurrently or si- 
multaneously of the total hemoglobin (or other blood factors) hav^ 
ing interacted in bulk with the excitation signal and of said first 
species involved in the formation of the cccplex. 

In this case, the signal at the outlet of the waveguide is repre- 
sentative of two independent effects and can be decoded by si mple 
means since the response to the bulk hemoglobin corresponds to an 
instantaneous partial extinction of the signal output collected from 
the waveguide end (this is actually the aforementioned background 
noise) while the response to the thin layer is a time dependent signal 
due to the formation of said carpi ex layer of antibody and the first 
specific species to be determined which is a rate reaction. 

Otherwise, if two specific factors in the analyte (for instance 

* 

factor 1 and factor 2 among others present) mast be de termin ed, a 
waveguide with two independently working optical areas are preferab- 
ly selected, each area being provided with one reagent (antibody) 
specific to one of said factors to be determined. In such case, the 
two response signals collected at the output of the waveguide (this 
being so if the waveguide is not provided already with separate out- 
puts) are either (a) phase dependent or (b) frequency dependent. 

Case (a) may be illustrated by a waveguide provided with two 
independent optical elements such as the two oppositely facing paral- 
lel walls of an analytical cuvette, said walls being light conduc- 
tive for a fully reflected signal and each internally coated with 
one of the two a foremen tioned reactants, each being specific to one 
of the two factors (factor 1 and factor 2) to be determined in the 
analyte. In this case the two elements are illuminated in turn (alter- 
natively applied pulses) , the mode of application being also used 
for synchronization purposes at the detecting and processing end to 
ensure proper separation and independent display of the correspond- 
ing signals. 

Case (b) may be illustrated by a waveguide structure ccnpris- 
ing two physically separated areas on the same light path of the wave- 
guide (i.e. not separated optically) but providing responses at two 
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different wavelengths (this can be implemented, for instance, by hav- 
ing one area responsive to absorption, e.g. at the excitation wave- 
length and another area providing a fluorescent response, i.e. a si- 
gnal of a wavelength different from the excitation wavelength) • In 

this case the detector unit is provided with means to separate the 
conponents of the output consisting of a signal with two wavelengths 

into individual signals by usual means (band-pass filters or dichrolc 
beam splitters) . Such a situation can result for instance from at- 
taching to a first area of the waveguide a first reagent specific 
of factor No.l to be analyzed, the layer of reaction product being 
light absorbing, and attaching to a second area of the waveguide a 
second reagent specific of factor No. 2, the reaction product of said 
second reagent and factor No. 2 being fluorescent under excitation 
by the incident light. 

Of course case (b) can also be illustrated by a variant of the 
structure of case (a) , i.e. with one of the separately illuninated 
waveguide element being responsive to absorption while the other is 



The practical aspect of the invention will now be illustrated 
20 with reference to actual analysis cases. The first case refers to 
blood analysis and, more particularly, to the direct determination 
in blood sanples of hemoglobin and various other hemoglobin factors 
such as glycosylated hemoglobin, this being, if desired, relative 
to total hemoglobin in this sanple. 

Glycosylated hemoglobins (HhA^, and A^) are inportant fac- 
tors in the diagnosis and monitoring of patients with diabetes. The 
determination of the content of HbA^ (which amounts to about 80% 
of total glycosylated hemoglobins (HbA^)) relative to total hemoglo- 
bin (i.e. HhA 0 , non-glyoosylated hemoglobin plus (HbA^) ) is parti- 
30 cularly inportant with regard to that disease. 

Hemoglobin A^ is a glycohemoglobin with an amino acid struc- 
ture which is identical to that of HbA^ the inportant difference 
is the presence of 1-amino-l-deaxy-fructose attached in the 2,3-di- 
phosphoglycerate pocket to the N-terminal valine in the beta^chain 



35 of HhAj^. The modification of Hh^ 



zymatic post-translational process, the rate of which is a function 
of the blood glucose concentration. Glycosylation occurs as a two 
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step process. Firstly, the open aldehydic form of glucose reacts with 
the ^rm-inai amino group of the beta-chains of Hb to form a amunr 
base. Secondly, the SCHIFP base then undergoes an AMADGRI rearran- 
gement to form HbA^- The interned iate sCmrr base is unstable with 
5 a 60-fold greater tendency to dissociate (to the free sugar plus pro- 
tein) than the stable ketoaznine of HhA^ As only a small fraction 
of blood glucose is in the open aldehydic form (approximately 0.001%) 
and the rate of ketoamine formation is slow (although effectively 
irreversible), the formation of HhA^ is an indication of long term 

10 blood glucose concentration. Over the 120 days life-span of the human 
red blood cell, the nunfaer of glycosylated Hb molecules increases 
proportionally to the mean blood glucose concentration. The relation- 
ship between the mean plasma glucose and HhA^ concentrations is 
unique in that a single HhA^ measurement provides a retrospective 

15 assessment of blood glucose control over the proceeding 6 to 8 weeks. 
It is generally accepted that HbA^ measurements are a very useful 
tool in mcnitoring diseases of carbohydrate metabolism, specifical- 
ly diabetes mellitus. Diabetics have high long-term blood sugar levels 
and this is reflected in their HhA^ levels. Normal adults have about 

20 3-6% of their total hemoglobin as Hhft^ whereas the range in juvenile 
and maturity onset diabetics is 6-15% as flbA^,. A similar increase 
in Htaft^ conc«tratian has been noted in mice with genetic and chemi- 
cally induced diabetes and in pancreatectcmized dogs. 

Among the several methods which exist for determining glycoey* 

25 lated Hb in blood, HhA^ and in particular HhA-^ measurements have 
now become a method of choice for monitoring the treatment of dia- 
betics (L. JOBHNOTIC et al«, American J. of Medicine (1981) 70 , 331; 
D.E. GOLDSTEIN et al., Diabetes (1982) 31, 70; K.H. G&BBCY et al., 
J. of Clinical Batocrinalogy and Metabolism (1977) 44, 859; B. GO- 

30 NEN et al-, Diabetalogia (1978) 15, 1; CM. PETERSON, Diabetes (1982) 
31 , 1) . Also, the following patent documents can be usefully mention- 
ed: XBrftr4.247.553; C3-A-l.580.318; US^&-4.222.836; DS-4.372.747; 
4.200.435; 4.341.635. These methods can be readily classified by the 
mechanism used to separate glycosylated Hb from non-glycosylated Hb. 

35 For instance ionrexchange chromatography was used early and is still 
the most cannon method (H.G. KDtKEL et al.. Science (1955) 122 , 288). 
Although such ion-exchange technique is currently the only available 
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method which specifically measures HhA^, it has a number of limi- 
tations of which temperature and pH sensitivity are the most impor- 
tant. Ion-exchange also is subject to interferences as labile gly- 
cosylated Hb (pre- HbA^) must be removed prior to assay and both 
5 fetal ffi> (HbP) and Sickle Pell Hb (HbS) interfere with the results. 

Other techniques involve agar gel electrophoresis (L. MENARD 
et al., Clinical Chemistry (1980) 26, 1598), isoelectric focusing 
(K.M. SPICER et al. , Diabetes (1978) 27, 384) , colorimetry, e.g. with 
thiobarbituric acid (R. FLUCKlGhIR et al., FEES Letters (1976) 71, 
10 356) and affinity chromatography (V. B0DREOTIS et al. , Diabetologia 
(1981) 21, 579). Only one type radioinnunoassay has been reported 
(J. JAVID et al., British J. of Haematology (1978) 38 , 329) which 
was slew (more than 3 days to work) and technically ^npioy as re- 
quiring the preparations of radioiabeLLed EfcA-^. Although the methods 
15 of the prior art have merits, there is still a need for methods pro- 
viding quick results (less than about 15 minutes), requiring less 
skilled operators and less costly to be undertaken on a routine ba- 
sis. Current art methods are slow (typically more than 1 hour 
results), techn ical ly carpi ica ted (require more than five pipetting 
20 manipulation steps) and unsuited to testing outside a laboratory envi- 
ronment. Rirther, present methods require that total hemoglobin be 
ascertained separately from the glycosylated factors and it would 
be desirable that both analytical data can be ascertained substan- 
tially together and correlated without delay. 

The method of the present invention, as sumarized in claim 9, 
re m edies the inconvenience of prior art methods and further , offers 
the advantage of directly relating, if desired, the percent of gly- 
cosylated factor or other hemoglobin factors to total hemoglobin. 

The present method allows for the separate determination of (Hb) 
A la or A lb P rcvic2ed antibodies specific to any of such species 
are available in purified form. Otherwise, using less specific anti- 
bodies, the present method allows for the contained determination of 
two or more blood factors taken together, i.e. all glycosylated Hb 
relative to total Hb for instance. Of course, the method also pro- 
35 vides for the determination of blood factors other than the ones here- 
above if corresponding reagents specific to said factors in conplex 
formation reactions are available (e.g. HbF, HbS or other human bemo- 
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globin variants. 

The present invention does not concern the obtenticn or prepar 
ration of such specifically reactive ccnplex moieties (monoclonal 
or polyclonal antibodies) which belong to the prior art but it con- 
5 cerns their use as coating naterials in the preparation of the acti- 
ve wave guides to be contacted with the blood sanple to be analyz- 
ed according to the invention. 

the waveguides used in the present methods can be of many kinds 
arid some have been disclosed in copending application EP-A-75353 

10 together with the methods for coating the wave guides with the reac- 
tive antibodies selected. 

In the present case, plate-like or fiber optic waveguides includ- 
ed as menbers of an analytical cuvette are preferably used, the coat- 
ed surface of the wave guides being put into contact with the blood 

15 sanple once the latter has been injected into the cuvette. 

The optical technique used here relates, as discussed herein- 
above, mainly to light absorption, i.e. there is an interaction of 
the evanescent component of the wave transported in the guide with 
the molecules, first in the ambient liquid (the depth of penetration 

20 the evanescent coaponent exceeds somewhat the thickness of the anti- 
body coating, which provides an instantaneous response) and, second, 
with the Hb-antibody occplex which starts building up on the guide 
in forms of an additional layer due to the reaction of the blood fac- 
tor to be determined with the specific conplex moiety (antibody) pre- 

25 viously coated on the guide surface. Although the depth of interac- 
tion of the evanescent light conponent is not substantially limit- 
ed to the thickness of the layer of the complex, it has been surpri- 
singly found that the optical response to that build-up is indepen- 
dent of the bulk absorption due to the blood itself and the two ef- 

30 fects can be easily distinguished without sophisticated techniques 
for decoding the signals originating from one or the other effect. 

Hb derivatives have characteristic absorption spectra dependent 
on their chemical state. Hence, any of the usual absorptiometry tech- 
niques are equally applicable for implementing the invention (L. TEN- 

35 TORi et al., Hemoglobin, in Methods in Enzymoiogy (1981), vol. 76 , 
707-732, Academic Press, New-York) . Included are the cyanoraethheno- 
globin method and single or nulti-wavelength absorpt icranetr ic assays, 
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preferably in the range 400 to 600 nm, specif ically 400-420 run and 
550-600 nm. Also i nc lu ded are such iscbestic point methods where the 
absorption by the Hb molecule is independent of the degree of oxy- 
gen saturation. 

5 The invention and its present illustrative aspect will be bet- 

ter understood with help of the accompanying drawing. 

Fig. la is a diagram explaining the propagation of totally re- 
flected light in a m e di u m (wave guide) of refractive index n^ greater 
than nj/ the refractive index of another medium (analyte) with which 
1° the wave guide is in contact. 

Pig. lb is agpendent to Pig. la and schematically represents 
the penetration of the evanescent wave conpcnent in the rarer tnpdivnn 
(analyte) • 

Pig. 2 is a schematic layout of a single waveguide apparatus 
15 foe carrying out the method of the invention. 

Pig. 3 is a schematic layout of another embodiment of an appa- 
ratus for carrying out the method of the invention. 

Pig. 4a is a schemat ic top view of a detail of another enbodi- 
ment of an analytical apparatus involving a double waveguide cell. 
20 Pig. 4b is a schematic view of a variant of the embodiment of 

fig. 4a. 

Pig. 4c is a schematic view of still another embodiment. 
Pig. 5 is a schematized representation of the phenomena occur- 
ring during an analysis according to the method of the invention. 
25 Fig. 6 is a diagram showing response curves in performing an 

analysis according to one embodiment of the invention. 

Pig. 7 is a diagram showing the variation of one parameter of 
the response curve as a function of the angle of incidence of the 
multiply r efl ected light beam travelling through the waveguide. 

Pig. 8 is a diagram with a typical response curve in the analy- 
sis of HhA^ in the presence of hemoglobin. 

Pig. 9 illustrates another type of analysis involving fluores- 



30 



As said before, when a light beam 1 strikes with an angle the 
35 interface between two transparent media n ± and n 2 (fig. la), strik- 
ing from the medium with the greater refractive index (^ r^), 
total internal reflection occurs (N.J. HARRICK, Internal Reflexion 
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Spectroscopy, Wiley Inter science, New York (1967)) when the angle 
. of reflection & is larger than a certain value & Q called the criti- 
cal angle given by the equation: 

5 9 o =■ sinrldy^) 1 

The reflected beam is indicated by numeral 2. In this case the 
evanescent wave penetrates a distance (dp) of the order of a frac- 
tion of a wavelength beyond the reflecting surface into the rarer 

10 medium of refractive index r^. According to Maxwell's equations a 
standing sinusoidal wave, perpendicular to the reflecting surface, 
is established in the denser medium (fig. lb) • Although there is no 
net energy flow into the ncn absorbing, rarer medium, there is an 
evanescent, nonpropagating field 3 in that medium, the electric field 

15 anpiitude (E) of which is largest at the surface interface (Bo) and 
decays exponentially with distance (Z) from the surface according 
to: 

B = Bo . exp (-Z/dp) 2 

20 The depth of penetration (dp), defined as the distance requir- 

ed for the electric field amplitude to fall to exp (-1) of its value 
at the surface, is given by: 

25 dp= 3 



2ir(sin? - (r^Aij))* 



Starting from 90°, as & approaches 9^ r dp becomes 
large, and at a fixed angle, increases with closer index matching 

30 (i.e. , as nj/n^^* 1) . Also, because dp is proportional to wavelength, 
it is greater at longer wavelengths. 

Thus, by an appropriate choice of the refractive index n^ of 
the transparent wave guide, of the incident angle, and of the wave- 
length, one can select a dp to control optical interaction, either 

35 nainly with substances 4 close or at given distance from the inter- 
face and minimally with substances 5 beyond said distance or, with 
varying response ratios, with both 4 and 5. And this is precisely 
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one of the key factors of the present invention, i.e. to have esta- 
blished that appropriate selection of said parameters (n 1# & and A) 
provides optimal conditions for measuring, at the same time, two inde- 
pendent parameters in the analyte. In the present embodiment, the 
5 denser medium can be constituted by a quartz microscope slide (n, 
=* 1.54) and the rarer medium is aqueous blood sample (n, 1.34) and 
0 is controllably variable so that when A is a selected visible wave- 
length, dp can be varied from about 20 to 300 nm until optimal res- 
ponse is provided. Of course, other materials for the waveguide can 

10 be used with refractive indices other than 1.54. 

Although single reflection systems can be used, one can enhance 
sensitivity (lower the limit of detection) by combining the evanes- 
cent wave principle with multiple internal reflections. The number 
of reflections (N) is a function of the length (L) and thickness (T) 

15 of wave guide and angle of incidence (0) : 



N = L/T . cot & 



Die microscope slide waveguides used in sane of the experiments 

20 had an active length of 36 mm, thickness of 1 mm and the angle of 
incidence varied from about 60 to 75°. Thus the number of reflections 
on one side for a discrete light beam was approximately 6. Similar- 
ly, in another embodiment using a fibre optic waveguide, the latter 
had an active length of 64 mm, a thickness of 0.6 mm and, with the 

25 same angles of incidence the total number of reflections for a dis- 
crete light beam varied from about 30 to 40. 

As said before, the method of the invention can also rely on 
fluorescence effects. Fluorescence emission generated at a waveguide 
liquid interface can also be monitored at the waveguide output. As 

30 predicted by the theory of reciprocity and demonstrated with dye mole- 
cules in both noiomolficular layers (C3VBNAGLIA and HANDEL, J. Opti- 
cal Sec. of America 63, 479 (1972)) and in monodispersed spheres (LEE 
et al, Applied Optics 18, 862 (1979)), fluorescence emission at a 
waveguide/liquid interface can be treated as an evanescent wave. In 

35 effect, excitation of fluorescence by an evanescent wave produces 
fluorescence emission with the characteristics of an evanescent wave 
and thus generates an internally reflected beam of fluorescent light. 
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The direction of fluorescence emission of this form is mainly a func- 
tion of the respective refractive index ratio and has the major charac- 
teristic (see the above CARNAGLIA reference) that photon emission 
has a distribution of "preferred" angular probability close to the 
5 critical angle (0J . 

In practical terms this means that fluorescence can be monitored 
at the output of the waveguide in the same optical plane as the exci- 
tation light. Theoretically, this has the advantages of concentrat- 
ing the fluorescent emission intensity within a gman angle; also, 
10 these fluorescent photons do not pass through the bulk of the solu- 
tion and thus are not subject to major optical interference (e.g. 
absorption, scattering). 

This technique is disclosed in more detail in co-pending appli- 
cation EP-^ft-75353, 

15 For the fluorescence measurements illustrating the present in- 

vention, the excitation wavelength was selected at 490 ran and fluo- 
rescence em i ssion measured (wavelength greater than 510 ran) at the 
waveguide output by positioning cut-off filters before the pbotode- 
tector element (KV 8.5; 50% transmittance at 550 nm; SGHOTT GLASS 

20 WORKS, Mainz, Germany) . 



Fluorescence techniques allowing for the simultaneous determi- 



waveguide systems have many applications in the field of nUnteal 



and CE&; also the whole gamut of cell surface antigen determination 
as applied to clinical microbiology. 

One embodiment of the apparatus used is schematically represented 
on fig. 2 which shows as a block diagram the major conponents; these 
30 conponents conprise a monochrcraator 9, a light source 6, a flow 

7 with waveguide 8, and electronics with data-acquisition and pro- 
cessing microcooputer including a photcnultiplier detector 10, a pre- 
amplifier U, a oonputerized light source control system 12, a micro- 
processor 13, a printer 14, and a memory (floppy disc) 15. 



holographic grating (Jobin-Yvcn, Paris, Prance) to permit a resolu- 



nation of two or more parameters, for instance with multi-analyte 




35 
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tion of 5 run. The flash lamp operation was controlled by microcon*- 
puter 12. To inject the sanples through an input 18 to the cell 7 
a programmable automatic pipette (Microlab-P; Hamilton Bonaduz PG, 
Bonaduz, Switzerland) was preferably used. The optical ccnponent 

5 further included two mirrors and ^ t** 0 P rism s 16 and 17. A 
photcoultiplier tube of the detector 10 (H928; Hamamatsu, Tokyo, 

Japan) placed at the waveguide output monitored the change in light 
intensity directly. Signals from the photomiltiplier tube were am- 
plified (11) , integrated during the flash time (12) and converted 

10 by a standard 12-bit analog/digital converter (not shown) into digi- ' 
tal format. The iit-house microoonputer 12 performed fast signal averag- 
ing, and all data were adjusted for variation in flash lamp inten- 
sity by reference to a photodiode 19 placed in the monochrcraator. 
The signals were transmitted to a microoonputer 13, preferably an 

15 APPUE II model, for display and storage. TWo different embodiments 
of waveguide systems were used: 

The analytical cell or cuvette illustrated on fig. 2 as one esribo- 
diment, is based on a microscope slide waveguide system. The illus- 
trated system shows the flow cell 7 whose bottom is actually the micro- 

20 scope slide 8. Tightness is ensured by a gasket 20; the slides 8 were 
placed in direct optical contact with two quarter-round silica prisms 
16 and 17, preferable from Heraeus. Light was coupled into and out 
of the waveguide through these prisms by use of index matching oil, 
thereby removing the requirement for specially polished, optically 

25 flat waveguide faces. The prisms were designed to allow easy adjust- 
ment of the angle of incident light B (see fig. la) and to avoid con- 
tact of light with the sealing gasket 20. 

The flow cell, machined from aluminium alley, met the criterion 
of allowing rapid, bubble-free laminar flow along the light path. 

30 its design also ensured rapid and accurate demounting and reposition- 
ing. Vfe chose an aliminium alloy, although other metals are also suit- 
able, e.g. brass, because of its good thermal conductivity, relative 
lack of reactivity with saline solution, and low optical reflecti- 
vity after being anodized matt blade to avoid stray light effects. 

35 The gasket 20 was 0.5 mm thick medical grade silicone rubber and water 
tight under a constant sealing pressure of 2 kg/cm?. Including in- 
put 18 and exit 21 ports the total cell volume was 1.8 ml, the volume 
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directly above the waveguide was 0.66 ml (53 x 25 x 0,5 mm) and the 
volume above the light path was 0.29 ml (36 x 16 x 0.5 mm) . 

A second entodiment (see fig. 3) is based on a fibre optic sys- 
tem. The fibre waveguide 31 was prepared from standard transmission 
5 optical fibres by first cutting them into 120 mm pieces, then reraov^ 
ing the ethyien^tetrafluoroethylene coating and silicone cladding 
to expose an optically active surface area of 120 nm2. The ends of 
the fibres were bared and held within ^ecially made stainless steel 
end-fittings 32 and 33 (7 x 3 mm internal diameter) for support and 

10 protection. The fibre flow cell 34 was an open-ended quartz tube (in- 
ternal diameter 4 mm, length 80 ran) with input 35 and output 36 tubes 
added for inserting and removing sample. The fibres were set in place 
in the flow cell with silicone rubber plugs 37, 38. Light from sour- 
ce 39 was filtered (40) and focussed (41) with a lens onto the end 

15 of the fibre at a mean aperture angle of 68° (see fig. 1); at the 
fibre output, light was refocussed by means of a lens 42 onto a photo- 
multiplier tube 43. 

Ibe apparatus of which the essential optical coqponents are sche- 
matized on fig. 4a comprises a dual-waveguide cell 50 of which the 

20 main walls 51 and 52 constitute two independently energized elements 
that transport the exciting signal originating from a source 53 and 
whose inner walls, either bared, blocked or coated with a specific 
reactant, are in contact with the analyte solution contained in cell 
50. The especially shaped light conductive walls of the cuvette can 

25 be provided by usual means, e.g. by molding with a transparent plas- 
tic, for instance lucite. Obese walls can be made, from materials with 
the same or different refractive indices. 

The beam of light 54 originating from source 53 is alternati- 
vely split into beams 55 and 56 by a rotating chopper mirror 57a, 

30 b. On fig. 4a, this mirror 57 has been represented in two positions, 
i.e. one instant position corresponds to numeral 57a and another posi- 
tion (at about right angle to the first one) by numeral 57b. It can 
be readily seal that, depending on the position of the mirror 57, 
the beam 54 is either reflected into beam 55 or into beam 56. Thus, 

35 the light from the source 53 is alternatively injected in either por- 
tion 51 and 52 of the dual waveguide cell 50 by means of either one 
of a series of mirror 58a, b, c and 59a, b and c f respectively. The 
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15 
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25 



30 



output light, respectively 60 and 61, from either part of the wave- 
guide is then collected on a detector 62. 

The remaining components of this embodiment are not represented 
on the drawing as being known from the art and identical to the cor- 
responding elements disclosed in connection with the 
fig. 2. 

t 

In a further embodiment, (see fig. 4b), the apparatus 
a dual-waveguide cell 70 identical with the cell of the previous embo- 
diment, i.e. having walls 71 and 72 acting as the two independent 
elements of the waveguide and operating similarly as will be seen. 

The apparatus comprises a light source 73, the output of which 
is focussed on either side by means of lenses and mirrors, respec- 
tively 74 and 75, on the input side of guide elements 71 and 72, res- 
pectively. A chopper disk 76 with a window hole 77 acts to alterna- 
tively distribute the exciting light into elements 71 and 72. The 
output signals from the waveguide are then directed to a detector 
78 by means of mirrors 79 and 80. 

In both embodiments depicted on figs 4a and 4b, one of the wave- 
guide elements (51, 71) is coated with an antibody specific to one 
iponent to be measured in the analyte by a ccoplexation reaction 
(as disclosed hereintofore) while the second element (52, 72) is left 
uncoated. Herein, uncoated refers to a surface without antibody. How- 
ever the protein adsorption sites on this surface are usually block- 
ed by adsorbing a protein (e.g. BSA) to the surface. Therefore dur- 
ing analysis, the signal collected at the output of the uncoated area 
reflects the interaction of the exciting beam with the bulk of the 
analyte, i.e. it provides the desired information on the total hemo- 
globin in the sample. However, simultaneously, the signal emerging 
from the coated side of the guide provides the required information 
on the conponent being bound by the specific reactant coated on the 
inner surface of this side of the cell. This will be illustrated in 
more detail with reference to Example 4 in this application. Suffi- 
ce to say now that this kind of waveguide system (dual type) allows 
to gather the two types of information from separate areas of the 
te (i " e - Phenomena are no longer super imposed like in the 
embodiment) which may provide more accuracy in the determi- 
nations. 
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A variant embodiment is represented on fig* 4c. In this variant/ 
a dual waveguide cell 90 of the same general configuration as the 
aforementioned cells 50 and 70 is used with the difference that ends 
91a and 92a are actually made reflective/ for instance by metalliz- 
5 ing (silver) like with a mirror. Therefore, the other ends 91b and 
92b, respectively, of the waveguide light conductive elements act 
simultaneously as input and output ends. Ibis is illustrated by the 
paths of the exciting light beams provided by two sources 93 and 94 
which are directed into ends 91b and 92b, respectively, after croa- 

10 sing beam-splitters 95 and 96, respectively. Thus, the light which 
penetrates through ends 91b and 92b travels through the guide first 
in a forward direction and then backwards after being reflected from 
ends 91a and 92a. This configuration enables that the interaction 
capacity of the exciting light with the analytes be actually doubled 

15 as ccnpared with the previously disclosed enbodiment. This variant 
further oonprises a detector 97 for collecting the backward signals 

exiting frcm 91b and 92b and directed thereto by meams of beam split- 
ters 95 and 96 and a prism-like mirror 98. Sources 93 and 94 are al- 

ternatingly synchronized so that signal pulses exiting from the wave- 
20 guide ends 91b and 92b do not simultaneously fall on the detecter 
97. 

Fig. 5 is a schematic illustration at the molecular level of 
the phenomena taking place during analysis in a cell of the dual-wave- 
guide type as disclosed previously. In fig. 5 areas marked 51 and 

25 52 correspond for instance to the waveguide elements 51 and 52 depict- 
ed on fig. 4a. The area intermediate between areas 51 and 52 repre- 
sents schematically an analyte medium with species dissolved there- 
in and reactants or species attached to the inside walls of elements 
51 and 52. Element 51 is pictured to have deposited thereon antibodies 

30 100 specific to HtA^ entities lahpllwl 101. Some of these HbA^ mole- 
cules cure shown after ccnplexaticn with the specific antibody 100, 
others are still free. The other surface (i.e. the surface of element 
52) is shown coated with blocking agents 102 (for instance, bovine 
serum albumin) said agents being intended to minimize the possible 

35 affinity of the bare wall to other species in solution, for instance 
HbA^ 103 and other proteins of any type 104. 

Thus, during analysis, non specific binding of Hb to su rface 
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52 is prevented (or at least strongly minimized) which makes it pos- 
sible to measure the bulk hemoglobin by the interaction of the evanes- 
cent wave component of the signal travelling in 52 with the analyte 
solution at depths beyond that of the blocking coating deposited on 
5 the surface. 

la contrast, a conplexation reaction occurs on surface 51 between 
the antibody molecules 100 coated thereon and the HbA, (AG) mole- 
cules in the analyte solution. This reaction although rapid is not 
instantaneous; therefore a layer of ccnplex progressively builds up 

10 on surface 51 with consecutive corresponding interaction with the 
light component travelling in that element of the waveguide, this 
resulting in the production of response curves of the A or B type 
depicted in fig. 6 (see the Examples that follow) . 

In order to practically carry out the tests, the microscope 

15 slides were cleaned by consecutive immersion in concentrated sulfu- 
ric acid and distilled water, ethanol, and acetone, using standard 
slidestaining glassware. Fibres were cleaned in ethanol ultrasoni- 
cally and, supported on glass rods, were immersed in the various anti- 
body solutions. Antibodies were either physically adsorbed to the 

20 surface of the waveguides or covalently coupled. Adsorption was car- 
ried out by incubating cleaned waveguides with solutions of antibody 
(5 mg of protein/ml of 0.05 mol/1 Tris Hoc buffer, pH 7.0) for four 
hours. Ohadsorbed proteins were washed away with saline and residual 
protein binding sites blocked by incubation of the antibody-coated 

25 waveguides with bovine serum albumin (1.0% by weight in THIS Buffer) . 
The method of coupling was essentially that of Wee tall, involving 
aniincpropyltxiethoxysilane APIS ( 
nity Chromatography, R.B. Dunlop, 



I II • • 



■li ze d Bizymes, 

30 Antigens, Antibodies and Peptides: Preparation and Chranatography, 

1: Enzymology, H.A. Wee tall, Marcel Dekker Inc. New York 1975, p. 
1-48). 

In general, we reacted waveguides with APTS (0.4 mol/1) for 3 
hours at 80°C. He then heated the slides or the cuvette walls at 120°C 
35 and the fibres at 100 °C for 2 hours, then let them soak in glutaral- 
dehyde solution (0.5 mol/1) in phosphate buffer (0.1 mol/1, pH 6.8) 
for 90 min at ambient temperature. The "activated" waveguides were 
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then reacted with antiserum Ab (5 mg of protein per milliliter of 
phosphate buffer) for 24 hours at 4°C. After washing the 
antibody-coupled waveguides in phosphate buffer, we stored them at 
4°C in isotonic saline (0.14 mol/1, containing sodium azide, 8 
5 nrooOA). Measurements of protein (Anal. Biochem 51, 654-655 (1973)) 
before and after the coupling demonstrated protein uptakes of appro- 
x irately l/ug/cm2 of quartz. 

The following Examples illustrate the invention in more detail. 

Exanple 1 (to demonstrate the existence of two distinct optical 

phenomena: i) interaction of the evanescent wave com- 
ponent with hemoglobin in bulk, 

ii) interaction of the evanescent wave com- 
ponent with the Ag/Ab complex under formation) • 

The apparatus used was that of embodiment of fig. 2. 
Preparation of standards with known solutions of he moglobin. 
Purified hemoglobin A (HbA) was obtained from SERVA EEINBIOCHB- 
20 MICA, Heidelberg, FRG. Bovine Serum Albunin (BSA) was from SUWA CHEMI- 
CAL 00., ST. Louis, M0, USA. All chemicals for buffers and solvents 
were Analar or Reagent Grade from *£RCK, Darmstadt, ERG, or EBH, 
Poole, Dorset, OK. Rabbit antiserum to human HbA was purchased from 
DAED, Copenhagen, Denmark. 
25 Waveguides were fused-silica microscope slides (Suprasil 1.75 

ma x 25 nm x 1 mm) from HERAEQS QPARZ9CH&ELZE GtobH, Banau, PEG. 

Slides were cleared by consecutive imnersicn (10 min each) in 
concentrated sulphuric acid, distilled water, ethanol and acetone. 
Antibody was coated to the surface by incubating the cl ean ed slides 
30 for 1 hour In a solution of anti-HhA diluted five-fold in phosphate 
buff erred saline (BBS? 0.1 mol/L phosphate, pB 7.4, 0.9% (w/v) Nad). 
Fallowing rinsing with distilled water, remaining protein binding 
sites were blocked by incubation for 1 hour with 1% (w/v) BSA in PBS. 
Slides were then rinsed in distilled water and stored at 4°C in iso- 

9 

35 tonic saline prior to use. 

Slides were fixed in conformity to the first embodiment illus- 
trated on fig. 2 in a manner which allowed light to be co up led in- 
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to the slides at different angles 9 . The flow cell 7 was fixed to 
the surface via a 0.5 mm silastic gasket 20 and bubbles purged frcm 
the system by pumping assay buffer (PBS + 5.0% (w/v) BSA) through 
the cell. Standard Hb solutions (1.0, 0.5, 0.1, 0.05 rag/ml) were made 
5 up in assay buffer to give a final protein concentration of 5 mg total 
protein/ml. 

The assay procedure was initiated by injecting 3.5 ml of stan- 
dard Hb solution into the cell after establishing a base-line signal. 
The wavelength of the input beam was selected by adjusting the mono- 
10 chranator at 410 nm and the reaction was monitored by the reduction 
in intensity at 410 run. The angle & was first selected at random above 
66° (the critical angle) . A value of about 67° was used in the test 
reported below. 

Illustrated by fig. 6 are the antibody-binding curves obtained 

15 with the 1.0 (curve A) and 0.1 mg/fol (curve B) Hb standards, using 
successive antibody-coated slides. After stabilising the base-line, 
the standards were injected at t Q and an imnediate fall (I A , 1^) in 
transmission (arbitrary units) was followed by a slower but still 
rapid binding event which continued over the next 10 minutes. The 

20 initial fall was due to free hemoglobin molecules optically absorb- 
ing within the Dp range of the evanescent wave (see fig. 1). Note 
that at this early stage the oonplex layer is starting to form; there- 
fore the evanescent wave ccnponent extends quite significantly beyond 
the initial Ab coating and is free to interact with the bulk solu- 

25 ticn. The subsequent slower change in signal of rate K and magnitu- 
de, respectively, M A and Mg at time t L was due to antibody-binding 
of Hb at the surface. In the absence of antibody the signal changed 
minimally after the initial imnediate fall. This was shown in a con- 
trol experiment not shown on the drawing using no Ab coating. 

30 Then the cell was washed with assay buffer (t-^ which removed 

all unbound materials. The residual absolute change in signal (WA r 
WB) is related to dose as indicated in the table below. 
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Absolute change in signal 
Test Replicate Mean 

Dose 1 2 

5 Hb 
(iog/ml) 

0.1 - 4.6% - 4.3% - 4.3% 

10 1.0 - 14.9% - 12.5% - 13.7% 

The standard curves A and B were usable as tenplates for the 
determination of hemoglobin in unknown samples of blood. Similarly 
reproducible information could be gathered from measured values 
15 and Mq provided unknown saaples were measured after a constant time 

Example 2 

20 Cptimalization of the incident angle {&) vs sensitivity. 

With an antibody-coated slide in place, Hb standard solution 
(1 mg/inl) was injected into the flow cell. After 10 minutes reac- 
tion the unbound materials were washed out of the cell with assay 

25 buffer. Bound materials were monitored by the reduction in transmis- 
sion at 410 nm. The effect of incident angle of light was investi- 
gated by varying the angle (&) from 64° to 78°. The critical, angle 
(C? c ) is 66°. The results were plotted as the % transmission decrease 
(= sensitivity) vs angle of incidence (fig. 7). It can be seen that 

30 with this system measurement of antibody-binding of Hb is possible 
with angles between 66 at 70°, with an optimum near to 68°. Larger 
angles have too small a penetration depth in this case although they 
may suit analytical system of a different kind; smaller angles result 
in refraction not reflection. Angles between 66 and 68° are less suit- 

35 able presiirahly because the depth of penetration of the evanescent 
wave component is too great. 
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Example 3 



of more 

5 Hb standard solutions were incubated with separate antibody-coat- 

ed slides and the reaction monitored using = about 68« as the opti- 
mal angle. The results expressed as % transmission, show a dose-res- 
ponse relationship: 

10 Standard Hb % Transmission 

(mg/inl) 

1.0 87.2 
0.5 94.0 
15 0.1 94.4 

0.05 95.3 

0 100 

The minimum detection limit of this system is about 0.1 mg/ml 
20 or 0.1 g/1. Normal adult HbA values are 135 - 175 g/1, normal HbAlc 
levels are 4 - 9 g/1, thus this method can be used with x 10 - x 100 
dilution of normal samples with adequate sensitivity. 



Je 4 
25 

Measurement of hemoglobin in the presence of foreign hemoglo- 
bin. 

Solution samples were prepared based on avian hemoglobin (pi- 
geon) and containing variable proportions of human hemoglobin to be 

30 measured. The total of both hemoglobins was always 5 mg/ml and the 
proportions of human hemoglobin are given in the Table below. A dual 
waveguide of the type shown in figs 4a and 4b was used, one of the 
surfaces (e.g. 51) being coated with antibody to human IgG. The other 
surface (52) was blocked with bovine serum albumin as usual. 

35 open doing the measurements a sharp dip (I) corresponding to 

75.3% transmission was observed in all cases; then the further drop 
in transmission (M) (cf. with Example 1 and fig. 6) was recorded after 
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an interval of 10 min. In the case of the sanple cxxitaining only avian 
hemoglobin, no further change during the 10 min interval was observ- 
ed. The results are sunnarized below. 

5 Human Hb in Transmission (%) M 

avian Hb (%) (after 10 min) 



0 75.3 0 

1 74.9 0.4 
10 2 74.4 0.9 

10 72.0 3.3 

20 68.3 7.0 



Obus the value recorded far the first initial dip I can be cor- 
15 related with the total hemoglobin present while the values (M) ob- 
served after the 10 min reaction period and corresponding to the bind- 
ing of the hisnan hemoglobin factor to the antibody coat ed on surface 
51 can be correlated with the human hemoglobin content of the sa np le 
and its ratio to total hemoglobin. Standard curves were made from 
20 the above data by recording on an automatic recorder coupled to the 
apparatus used in this Example. Such curves were thereafter used as 
ccnparative data for determining unknown mixtures of human hemoglo- 
bin in avian hemoglobin. 

25 Exanple 5 

Measurement of glycosylated Hemoglobin (HhA^j in the presence 
of hemoglobin. 

30 Standard glycosylated Hb (EhA^) was' prepared from pooled hepa- 

rinized whole blood by cation-exchange chromatography (LJU TKE7EL- 
LI et al., Mew England J. of Medicine 284 (1971), 353) r using Blo-HEX 
70 resin (BIO-RAD, Richmond, Ca, USA) . The purified HbA^ was then 
used to prepare standard sanptes by reexamining it in varying known 

35 amounts with blood free from the glycosylated hemoglobin. The con- 
centrations of HbA^ relative to total hemoglobin in the sam ples 
varied from 1 to 20% by weight and the total Hb concentration was 
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of the order of 150 g/1. 



An analytical apparatus with cuvettes involving a dual waveguide 
as illustrated on fig. 4b was used for the determinations; the in- 
ner surface of one side of the cuvette was plated with antibody spe- 
5 cif ic to HhAj^ while the surface of the opposite side was left free. 
Ifee content of each cell (a fresh one was used for successively test- 
ing each standard) was about 1 ml and 0.1 ml of the standard to be 
measured with about 0.9 ml of IBS were pipetted therein. Pig. 8 de- 
picts one of the titration curves obtained after 15 min incubation 
10 time (with the 20% HhA^ sanple) , the upper curve (nearly flat) be- 
ing that recorded with the uncoated part of the guide and the low- 
er curve shewing the response of the antibody coated part of the wave- 
guide. 

The results of the analysis of the various standards are ^i«r> 
15 gatered in the table below. 



(%) Transmission in waveguide Difference M 
under test uncoated side coated side (%) 
(% ffiA^) 

20 



0 56.1 55.8 0.3 

1 55.5 54.7 0.8 
5 55.7 50.2 5.5 

25 10 58.0 49.2 8.8 

20 54.9 42.4 12.5 

The difference of 0.3% for the zero HhA^ sanple may indicate 
some degree of residual affinity of the HhA-^ specific antibody for 

30 the deglycosylated blood medium. This factor is however considered 
negligible under practical analytical conditions. 

It should also be noted that the % transmission in the uncoated 
part of the waveguide was not constant from one cell to the other 
seeming to indicate that the method is not suitable for accurately 

35 determining total Hb. However it is not necessary in this instance 
to measure total Hb, but only to relate the signals from the uncoat- 
ed and coated sides. Secondly, it is difficult to maintain a degree 
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of constancy in manually fabricating a series of cuvettes such that 
each will enable full reproducibility of absolute measurements with- 
out initial calibration of the equipment. Undoubtedly, when cuvet- 
tes are manufactured industrially by molding on a large scale, this 
5 disadvantage is overcome. 



The simultaneous determination of human IgG and human serum albu- 
10 min (H5A) by fluorescence type assay. 

The dual waveguide system as in the previous Example was used, 
a cut-off filter to block the incident radiation at 490 ran and pass 
the fluorescent signal at 520 nm being inserted on the light path 
15 before detector 78* The exciting light was generated by a monochro- 
ma tor of the type (9) disclosed in connection with fig. 2. 

Qie wall surface (A) of the cuvette serving as the dual-wave- 
guide was coated with sheep raised antiserum against IgG. This was 

* 

effected by ads or ption according to usual means using a diluted solu- 
20 tion of antiserum (If -chain specific; SATO, Carluke, Scotland; dilu- 
tion by volune 1/400) • Hie oppositely facing wall (B) of the cuvet- 
te was coated by the same technique with sheep antiserum against HSA 
(final dilution 1/100 by volune) obtained from the same source. 

Then, mixed conbination standard solutions were prepared by dia- 
25 solving together human IgG (SERHA BICCTEMIGVLS) and BSA (UCB-BICERD- 
DOCTS, Brussels, Belgium) . Concentrations of reagents in the stan- 
dards were 0.1; 1.0; 10.0 and 100.0 /ug/tal. The solution buffer used 
as the standard medium was phosphate buffer 0.05 mole/1 (pH 7.4); 
0.9% Nad (W/v); 0.05% NaN^ (W/v); Tween 20 (SIGMA) 0.1% (v/v) and 
30 2% (v/v) normal sheep serum (SAPU) . 

The test disclosed in this experiment was based on making a "sand- 
wich" type assay i.e. the cuvettes were contacted with the standards 
and incubation was carried out for a determined period to ensure suf- 
ficient binding of the antigens on the respective specific antibo- 

35 dies attached to surfaces (A) and (B) . This incubation time was an 
accurately measured 10 min period in the course of which the amount 
of overall bound antigen was in proportion to its concentration in 
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10 



15 



the standard. Tests against blanks (zero % of antigen reagents) were 
run identically. 

Thereafter, the cells were emptied and rinsed of all unbound 
materials and a combined solution of second antibodies to the anti- 
gents attached to the waveguide surface was added. This combination 
solution contained V40 (v/v) buffer diluted rabbit. anti-HSA and rab- 
bit anti-lgG (obtained from DftKD DWaNDaCBQUNS) lahoii^ with fluo- 
rescein (fluorescein isothiocyanate, FITC was used as the actual mar- 
ker according to usual means) . 

Ore the fluorescent Tahellpd mixed antibody solution was added, 
an instantaneous fluorescence rise was observed at the output of the 
waveguide followed by a slower rate dependent signal (see fig. 9) 
whose height after a given period was in proportion to the standard 
concentrations in IgG and HSA taken independently. After decoding, 
the signals components originating from surfaces (A) and (B) were 
displayed separately and the results are gathered in the following 
table. 




20 of IgG and 

in standards 
'ml] 

0.1 

1.0 

25 10.0 
100.0 



Response from 
surface A 
(arbitrary units) 



1 
27 
64 
160 



repeat 
2 
24 
61 
170 



1.5 
25 
62 
165 



Response f r 
surface B 

(arbitrary uni 



-1 
44 
60 
140 



repeat 
2 
44 
56 
135 



ts) 



1 
44 

58 
137 



Fig. 9 shows graphically for components A and B the 
from zero to 15 min in the case of the 1/ug/l (dashed line) and 10 
30 yug/1 (mixed line) standards. The full line represents blanks. 

As in the previous Example, samples with unknown concentrations 
of IgG and HSA were run identically and ascertained by comparing with 
the standards. 



35 
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CLAIMS 

1. A method for ascertaining parameters in a liquid analyte, 
e.g. determining species in solution, in which the evanescent cent- 
penent of a fully reflected light signal interacts, at the interface 
between said analyte and a waveguide of said signal, with a menemo- 
5 lecular layer of a oenplex constituted of one of said species and 
a reagent specific thereto attached to the guide surface and/or the 
bulk of the analyte, thus providing a light energy output represen- 
tative of said parameters, the method including collecting said out- 
put energy and processing it opto-electrcn ical lay into readout data 
10 corresponding to said parameters, characterized in either: 

a) controlling the angle of reflection of said light signal in 
the waveguide for allowing said evanescent wave component to pane-* 
trate beyond said oocplex layer into the bulk of the solution to a 
depth sufficient to be responsive to both said complex layer and said 

15 bulk of the analyte and simultaneously provide processable output 
energy on a parameter representative of a first species in said com- 
plex layer and a parameter representative of a second species in the 
solution, or 

b) using two or more distinct areas of the waveguide, one first 
20 area retaining a first reagent attached thereto to provide a complex 

layer of a first species to be determined, whereby said interaction 
is only responsive to said complex layer and the output is only re- 
presentative of a parameter of this first species, and a second area, 
the latter being either: 

25 (hi) bare or blocked, whereby staid interaction is responsive 

to the bulk of the analyte and representative of a parameter of a 
second species dissolved therein or 

(b2) coated with a second reagent specific of a second species 
thus providing a layer of a second complex to which said interaction 

30 is responsive and the output is representative of another parameter, 
the latter pertaining to said second species, 

* 

c) processing the output consisting of a mixed signal and split- 
ting it into components specific of each parameter of interest, 

d) expressing said components into separate data, and 
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e) ascertaining said parameters by correlating the displayed 
data with standard data obtained from standard solutions in which 
the corresponding parameters are known. 

2. The method of claim 1, wherein the excitation light in the 
5 waveguide is transmitted by multiple reflections therein and where- 

in the interaction of this signal with the analyte involves seme de- 
gree of absorption, anchor scattering, anchor the generation of fluo- 
rescence. 

3. The method of claim 2, wherein the waveguide consisting of 
10 an optical slide or fiber, a layer of ocnplex forms during analysis 

at the surface thereof thus providing a time dependent response on 
said first species and instant response on said second species. 

4. The method of claim 2, wherein said two or more distinct areas 
of the waveguide are energized by the same incident light signal. 

15 5. The method of claim 2, wherein said two or more distinct areas 

of the waveguide each involve separately illuninated waveguide ele- 
ments. 

6. The method of claim 5, wherein said waveguide is constituted 
by an analytical cuvette whose oppositely facing walls operate as 

20 independent separately illuminated elements. 

7. The method of claims 3 to 5 wherein said mixed signal col- 
lected at the output cenprises components at the same or different 
wavelengths. 

8. The method of claim 5, wherein the illumination of said dis- 
25 tinct areas is done in alternation. 

9. The method of claim 1 for substantially simultaneously deter- 
mining total hemoglobin (Hb) in a blood sample and, selectively at 
will, further hemoglobin factors or derivatives thereof such as gly- 
cosylated hemoglobins (Ag) relative to said total hemoglobin, this 

30 method comprising the following steps: 

a) Coating at least part of the surface of an optical waveguide 
system of a refractive index (n^ greater than that (rij) of the sanple 
to be analyzed with one or more coatings of cooplexing reactants (Ab) 
each coating being of a reactant specific to that factor or deriva- 

35 tive of hemoglobin Ag and capable of building up a layer of said com- 
plex upon reaction with said Ag; 

b) Illuminating said waveguide at an input end with a beam of 
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light and collecting the exiting light at an output end, said beam 
being transmitted along said guide by a multiple internal reflexion 
mechanism at an angle & such that the effective range of action out- 
side the guide of an evanescent light conpcnent associated with said 
5 beam transmission exceeds that of said oc np le x layer; 

c) Contacting together said blood sample to be analyzed and said 
illuminated waveguide whereby, on one hand, part of the light tra- 
velling in the guide is initially absorbed by interaction of the 
evanescent wave conpcnent with the hemoglobin of the bulk sanple, 

10 this resulting in an instantaneous sharp dip (I) in the exiting light 
from said output end and, on the second hand, an innuno-type reac- 
tion develops between said glycosylated hemoglobin or other factor 
to be determined in said blood sanple and corresponding Ab coated 
on the guide with consecutive build-Hip of said ccnplex layer, such 

15 development resulting in a relatively slower change to said exiting 
light, said relatively slower change being due to the interaction 
of said evanescent wave ccnponent with said ccnpiex layer in forma- 
tion; 

d) Observing, measuring anchor recording said sudden optical 
20 absorption dip (I) occurring to the transmitted light collected from 

said output end, said measured dip being quantitatively related with 
the concentration of the total hemoglobin Hb of the sanple; 

e) Observing, measuring ancj/or recording said relatively slower 
change, the magnitude (M) and rate (K) of which quantitatively relates 

25 to the amount of glycosylated hemoglobin or other factor Ag in the 
sanple; 

f) Effecting the required confutations e.g. electronically, to 
express the results obtained from the values of I and M or K in terms 
of concentration of Hb an$/or ratio of Ag to Hb in the sanple. 

30 10. The method of claim 9, wherein steps (d) and (e) are both 

effected an the signal resulting from the interaction of the inci- 
dent light and the analyte at the area of the waveguide bearing the 

antibody Ab coated thereon. 

11. The method of maim 9, wherein step (d) is effected on the 
35 conpcnent of the output signal resulting from said interaction on 

a part of the waveguide not coated with the antibody Ab. 

12. The method of claim 11, wherein there is used a dual type 
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waveguide, one portion of which is coated with antibody Ab and an- 
other portion of which is not coated with antibody. 

13. The method of claim 12, wherein said other portion is coated 
with a blocking protein for minimizing the possible deposition of 

5 hemoglobin on the waveguide uncoated surface area. 

14. The method of claim 12, which comprises using as a dual wave- 
guide an analytical cuvette whose main opposite walls are light con- 
ductive and made of a transparent material of suitable refractive 
index n x greater than that (i^) of the blood sample, this material 

10 serving as the waveguide. 

15. An apparatus for the combined determination by optical means 
of total hemoglobin together with at least one further specific hemo- 
globin factor in a sample of blood using a waveguide carrying a light 
signal capable of interacting with said species to be determined and 

15 providing detectable responses representative therefrom, said inter- 
action being that of the evanescent wave component of the. light signal 
travelling in the waveguide with either bulk of the sample or a com- 
plex resulting from the binding of said factor by a reactant speci- 

thereto attached by coating on the waveguide, this apparatus in- 
20 eluding 

a) a light source means for generating a light beam and inject- 
ing it into a suitable input end of said waveguide; 

b) a light detecting means for collecting the light signal exit- 
ing from an output of said waveguide and generating an electric signal 

25 representative of said interaction; 

c) a computing means for processing said electric signal and 
providing suitable readouts on said desired determination, 

characterized in that said specific reactant coating involves 
only part of the operative area of the waveguide, the remainder there- 
30 of being either bare or rendered inhibitory to the binding of said 
factor by means of a blocking agent and in that said reactant coat- 
ed area of the waveguide is responsive to said specific factor to 
be determined, whereas said uncoated or blocked area is responsive 
to said total hemoglobin. 

16. The apparatus of claim 15, wherein the wave guide has a dual- 
structure and comprises two independent optical elements to si- 
Jneously or alternatively carry said optical signal, one of said 
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elements being reactant coated and the other being bare or blocked* 

17. The apparatus of claim 16, using as the waveguide an opti- 
cal cell or cuvette of which two oppositely facing walls operate as 
said waveguide elements* 
5 18. The apparatus of claim 17, in which said light source means 

ccnprise chopper means to alternatively inject the signal light in- 
to the two elements of the dual-waveguide. 

19. The apparatus of claim 18, in which said chopper means are 
either a rotating mirror or a chopper disk. 

10 20. The apparatus of claim 16, in which said light source means 

conprise two independent alternately flashing light sources the out* 
put of which is focussed each on one optical end of said elements 
via beam splitting means and in which the other end of said elements 
is made totally reflective so that the light signal carried by said 

15 elements travels forwards and backwards therein. 
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